Introduction
Gastric cancer (GC) has been predicted to be the leading cause of all deaths worldwide, especially in China, and it is the second most common cause of cancer-related death. 1 Although curable if detected early, most patients are diagnosed with advanced GC. Current therapeutic strategies, including surgery and combination chemotherapies, are shown to provide only modest survival benefits for patients with advanced GC. Thus, despite a steady decline in global prevalence, GC remains a disease of outstanding mortality. 2 Rho-GTPases are important molecular switches that control a wide variety of signal transduction pathways in all eukaryotic cells. 3 They play a pivotal role in regulating the actin cytoskeleton and also influence cell polarity, microtubule dynamics, membrane transport pathways and transcription factor activities. 4, 5 The activity of Rho-GTPases varies between the active GTP-bound state and the inactive GDP-bound state and regulates a number of cellular processes such as cytoskeleton reorganization, gene transcription and cell cycle progression. 3 Upregulation of the expression and activity of Rho-GTPases have been confirmed to be associated with a great number of human carcinomas. 6, 7 Rho-GTPase-activating proteins (Rho-GAPs) have three 
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Zhang et al subgroups: deleted in liver cancer gene 1-3 (DLC1-3). 8 DLC-1 and DLC-2 genes have been shown to be downregulated in cancer cells and work to inhibit cancer cell proliferation. [9] [10] [11] [12] DLC-3, also known as STARD8 and KIAA0189, is another Rho-GAP that maps to chromosome Xq13, which was first isolated from a human myeloid cell line library in 1996. STARD8 consists of a sterile alpha motif (SAM), GAP and START (steroidogenic acute regulatory protein [StAR]-related lipid transfer) domain which has been reported to be downregulated in some carcinomas, such as breast, ovarian, liver and prostate cancer cell lines. 13, 14 However, the role of STARD8 in gastric carcinoma is still unclear.
In this study, we investigated the profiles of STARD8 in several human GC cell lines and tissues. We collected data regarding mRNA and protein levels of STARD8 from a cohort of patients with GC (n=70) to analyze the possible role of STARD8 in patients with GC.
Materials and methods human cell lines
The human GC cell lines AGS, MGC803, MKN45, SGC7901, HGC27 and BGC823 were obtained from the Institute of Biochemistry and Cell Biology, Chinese Academy of Sciences (Shanghai, China); one immortalized normal gastric cell line, GES1, that was approved by the institutional review board of China Medical University was obtained from the Oncology Institute of China Medical University and maintained as recommended. Cells were cultured in RPMI-1640 (Thermo Fisher Scientific, Waltham, MA, USA) containing 10% fetal bovine serum (Thermo Fisher Scientific) in a humidified atmosphere of 5% CO 2 at 37°C.
Tissue samples
Specimens were collected from 70 patients with gastric carcinoma who underwent gastrectomy at the Cancer Institute of China Medical University, Shenyang, China, between January 2008 and April 2010. This study was approved by the institutional review board of China Medical University, and each patient signed an informed consent form to participate in this study. All GC cases were pathologically confirmed, and the normal tissues were at least 5 cm away from cancer lesions. A total of 24 patients were women and 46 patients were men, and the mean age was 62 years (range: 30-78 years).
rna extraction and reverse transcription polymerase chain reaction (rT-Pcr)
Total RNA was extracted from fresh frozen human GC tissues using the TRIzol reagent as described by the manufacturer (Thermo Fisher Scientific). cDNA was synthesized from 2 µg of total RNA by using oligo(dT)16 as the primer with the Expand Reverse Transcriptase Kit (Fermentas, Vilnius, Lithuania). Polymerase chain reaction (PCR) amplification of STARD8 was performed using the DreamTaq™ DNA Polymerase PCR system (Fermentas), and GAPDH was used as a control. Primers used for RT-PCR are summarized in Table 1 .
Western blotting
Whole cell lysates were prepared from GC cell lines. Samples were loaded onto 10% sodium dodecyl sulfate (SDS) polyacrylamide gels, transferred to polyvinylidene difluoride membranes (EMD Millipore, Billerica, MA, USA) and incubated with primary mouse polyclonal antibody against human STARD8 (Abcam, Cambridge, MA, USA) and rabbit monoclonal antibody against β-actin (Sigma-Aldrich Co., St Louis, MO, USA) overnight at 4°C. Membranes were incubated with a horseradish-peroxidase-conjugated secondary antibody (Santa Cruz Biotechnology Inc., Dallas, TX, USA) for 2 h at room temperature, and immunoreactive protein bands were visualized with a chemiluminescent detection kit (enhanced chemiluminescence [ECL]; Thermol Biotech Inc., Rockford, IL, USA). Signal intensities were quantified and analyzed as described in the following sections. Each experiment was repeated three times.
Immunofluorescence staining
The expression of STARD8 in six gastric carcinoma cell lines and one normal gastric mucosa cell line, GES1, was analyzed by immunofluorescence microscopy. In brief, the cells were cultured to confluence on collagen-coated glass coverslips and then fixed in 4% paraformaldehyde (with 50 mM phosphate buffer) in 50% Tris wash buffer (TWB). The glass coverslips were rinsed three times and permeabilized with 1.2% Triton X-100 for 10 min, rinsed three times and incubated with 5% bovine serum albumin (BSA) in 100% TWB for 2 h and then stained for the expression markers using the following primary antibodies: mouse polyclonal antibody against human STARD8 (Abcam) at 1:100 dilution and the rabbit anti-mouse IgG secondary antibodies conjugated with Tritic (red; Zymax, San Francisco, CA, USA). 
immunohistochemistry (ihc)
Slides (4 µm) from all the formalin-fixed paraffin-embedded specimens were made and then dewaxed, rehydrated and incubated in methanol containing 0.3% H 2 O 2 for 10 min to inhibit endogenous peroxidase activity before being blocked with 10% normal goat serum (Maxin, Fuzhou, China) for 30 min and incubating overnight at 4°C with mouse anti-STARD8 (1:1,000; Abcam). Slides were washed in phosphate-buffered saline (PBS), then incubated with biotinylated rabbit anti-mouse IgG for 30 min at room temperature and rinsed with PBS. After being incubated with an avidin-biotin-peroxidase complex for 10 min, sections were stained with 3,3-diaminobenzidine. Normal rabbit serum was used as a negative control. The result of the IHC for STARD8 was judged based on the extent and intensity of staining as follows: 1) the extent of positive cells was estimated as follows: 0#5%, 1=6%-25%, 2=26%-50%, 3=51%-75%, 4$75%; 2) the intensity of staining was judged as follows: 0=achromatic, 1=light yellow, 2=yellow, 3=brown. The score of the extent of positive cells was multiplied by the score of the intensity of staining, and the combined staining score is as follows: (-)=0, (+)=1-4, (++)=5-8, (+++)=9-12. 15 Specimens were considered low expression for STARD8 when the score was -or + and were considered high expression when the score was ++ or +++. This semiquantitative analysis was performed by two independent assessors without prior knowledge of the patient outcome.
statistical analyses
All statistical analyses were performed using SPSS 17.0 software package (SPSS Inc., Chicago, IL, USA). One-way analysis of variance (ANOVA), χ 2 test and Student's t-test were used to generate p-values ,0.05 which were considered statistically significant.
Results

expression of sTarD8 was downregulated in human gc cell lines
To confirm the role of STARD8 in GC, we first detected the expression of STARD8 in several moderately or poorly differentiated GC cell lines. Results showed that STARD8 mRNA level was substantially downregulated in GC cell lines such as MGC803 (0.79-fold), BGC823 (0.20-fold), AGS (0.60-fold), HGC27 (0.06-fold), SGC7901 (0.21-fold) and MKN45 (0.39-fold) compared with the normal mucosa line GES1 (1-fold as control; Figure 1A and B). 
endogenous sTarD8 was localized in both nucleus and cytoplasm
To examine the distribution of endogenous STARD8, we performed immunofluorescence analyses. As indicated, STARD8 localized in both nuclei and cytoplasm, but more strongly localized in nuclei. We compared the differences between the expression levels of STARD8 in six different types of gastric carcinoma cell lines and one normal gastric mucosa cell line (Figure 2) . The results revealed that just two of the six cell lines showed significantly reduced expression. This result partly coincides with RT-PCR and Western blot analyses, meaning that the protein expression level of STARD8 was associated with the malignancy of gastric cell lines.
Downregulation of sTarD8 in gc tissues and its association with clinicopathological features
We also examined the expression of STARD8 in GC tissues relative to their pair-matched adjacent non-tumor tissues. Results of IHC confirmed that STARD8 was clearly marked in the "nucleus" and cytoplasm of normal gastric mucosa and cancer cells, predominantly in epithelial cells, while gastric carcinoma samples demonstrated weak or no staining for STARD8 (Figure 3 ). 28 cases of GC tissues demonstrated no staining which meant that the expression of STARD8 was lost in these 28 cases, whereas all nonneoplastic tissues expressed STARD8, and STARD8 was highly stained in 51 out of 70 (72.9%) nonneoplastic tissues, but only 11 (15.7%) of the GC tissues demonstrated strong staining for STARD8 ( p,0.001; Figure 3) .
The association of the expression of STARD8 with the clinicopathological parameters of GC patients was summarized in Table 2 . The expression of STARD8 had a statistically significant inverse correlation with differentiation ( p,0.01), TNM type ( p,0.05) and lymph node metastasis ( p,0.05). We found that the expression of STARD8 in patients with lymph node metastasis was significantly lower than patients with no lymph node metastasis ( p=0.011).
Discussion
Over a decade of intense study about Rho-GAPs has confirmed that Rho-GAP is involved in the regulation of diverse cellular functions and closely correlated with multiple types of carcinomas. 16, 17 It has been reported that the three genes deleted in liver cancer genes (DLC1-3) encode Rho-GAPs whose expressions are frequently downregulated or silenced in several human malignancies. 13, 18 The Rho-GAP DLC-1 (also called STARD12) functions as a tumor suppressor gene in many types of tumors and inhibits the proliferation, migration and tumorigenicity of human carcinoma cells.
19-21 DLC-2, a 
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Downregulation of sTarD8 in gastric cancer Figure 3 Immunofluorescence staining for STARD8 (red) and nuclear staining with Hoecht 33258 (blue; ×400). Notes: Merged images were evaluated by immunofluorescence microscopy. STARD8 protein staining was present in both nuclei and cytoplasm but mainly in nuclei. The ges1 (A-C), MKg803 (D-F), Bgc823 (G-I) and ags ( J-L) cell lines strongly expressed sTarD8, but it was weakly expressed in MKn45 (S-U) cell line and absent in hgc27 (M-O) and sgc7901 (P-R) cell lines.
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Zhang et al previously identified tumor suppressor gene at 13q12 which encodes the Rho-GAP STARD13, which is homologous to DLC-1, is frequently downregulated in many types of tumors and may suppress cell growth via the regulation of the Raf-1-ERK1/2-p70S6K signaling pathway. 22, 23 The great similarity among the GAP domains of STARD8 and those of DLC-1 and DLC-2 implies that DLC-3 may also act as a Rho-GAP that is essential for effects on cytoskeletal organization and cell proliferation. To date, studies have shown that STARD8 is downregulated in several different types of cancers, including breast cancer, prostate carcinoma and ovarian neoplasms and contributes to the process of tumorigenesis, whereas its overexpression was shown to inhibit cell proliferation, colony formation and growth. 13, 14 Mokarram et al 24 found that the downregulated expression of STARD8 in colorectal cancer may be due to STARD8 gene promoter methylation. Holeiter et al 25 found that DLC-3 depletion could lead to mislocalization of E-cadherin and catenins, which was associated with impaired cell aggregation and increased migration. To date, the role and underlying molecular mechanisms of STARD8 in GC tissues remain elusive.
In this study, our evidence showed that STARD8, a third member of the deleted liver cancer (DLC) family, may be involved in the progression of gastric carcinomas. Our study found that the expression of STARD8 occurred at very low levels in GC cells and tissues compared with the normal gastric mucosa cell line, GES1, and adjacent normal tissues. The expression of STARD8 in GES1 was higher than in the six different types of GC cell lines and was lowest in HGC27 cells. Furthermore, the expression of STARD8 was not found in 28 cases of GC tissues, whereas all the nonneoplastic tissues expressed STARD8. STARD8 was strongly stained in 51 out of 70 (72.9%) nonneoplastic tissues, but only 11 (15.7%) of GC tissues demonstrated strong staining for STARD8. These results were in agreement with the study that found that STARD8 may be a candidate suppressor gene. 14 We further evaluated the correlation between the expression level of STARD8 and clinicopathological parameters of GC. Results showed that the expression level of STARD8 was statistically significantly correlated with differentiation, TNM type and lymph node metastasis. We found that the expression of STARD8 was absent in less-differentiated tissues, weakly expressed in moderately differentiated GCs and strongly expressed in well-differentiated GCs and normal gastric mucosa tissues. Furthermore, compared with TNM stage III and IV samples, TNM stage I and II samples expressed STARD8 more frequently. Patients who had no lymph node metastasis expressed higher levels of STARD8 than those with lymph node metastasis. Previous studies have shown that STARD8 was predominantly localized within intracellular focal adhesion and co-localized with vinculin. 14 Results of immunofluorescence analyses showed that the STARD8 protein was expressed in the nuclei and cytoplasm of gastric cells, but more strongly expressed in nuclei. This is in agreement with the previous study and correlated with the STARD8 Rho-GTP activation protein function.
Conclusion
Results of our study suggest that STARD8 may be a tumor suppressor gene and may be associated with biological aggressiveness and poor prognosis in GC. Therefore, further in vitro and in vivo experiments are warranted to elucidate 
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